Objective: This study assessed the serum zinc, copper and albumin levels in paired mother and newborns in the immediate neonatal period to establish the relationship between the pair, and the influence of maternal micronutrient status on that of the newborn if any. Methods: The sociodemographic characteristics of the mothers were obtained using a structured questioner after informed consent was obtained from the parents of the baby. At delivery, paired mother and newborns had their serum zinc, copper and albumin assayed, using cord blood in the newborn. Result: One hundred and thirty five mothers and their paired term newborns completed the study. The mean age of the mothers was 29.2 ± 4.6 years with 67% within the age bracket 20 to 30 years. Seventy three percent of the mothers attained tertiary education and 22% had secondary education. The mean serum zinc was significantly higher in the newborn (3.67 ± 1.49 µmol/L) than in the mothers (2.20 ± 1.01 µmol/L), p = 0.0001, with a feto-maternal ratio of 1.6 to 1. Copper was significantly higher in the mothers (4.27 ± 1.77 µmol/L), than in the newborns (2.84 ± 0.92 µmol/L) (p = 0.001), with a maternal-fetal ratio of 1.5 to 1. Mean serum albumin was significantly lower in the newborns than in the mothers (p > 0.011). Conclusion: This study established that term newborns have higher serum zinc, a lower serum copper and albumin levels than their maternal levels. The distribution of these trace elements is probably protective in the newborns against infection.
Introduction
Pregnancy is associated with increased nutritional needs due to the physiologic changes of the woman and the metabolic demands of the embryo/fetus. Proper maternal nutrition during pregnancy is thus imperative for the health of both the woman and the offspring [1] . The nutritional requirements in pregnancy include calories, protein, lipids and micronutrients. Micronutrients are elements and vitamins required in trace amounts for normal growth and development which influence the health of both the mother and foetus [2] [3] [4] .
Multiple micronutrient deficiencies can result from poor quality diet, inadequate animal protein intake especially in developing countries [5] .
During pregnancy, micronutrients deficiencies are particularly common due to increased nutrient requirements of the mother and the developing fetus.
Zinc is an important micronutrient essential for normal growth and development of the foetus and it plays a critical role in many cellular reactions including gene transcription, cell division and differentiation. It has also been found to be a cause of growth retardation in both term and ex-preterm infants. Its deficiency has been associated with neural tube defects [6] [7] .
Copper is a cofactor in several metalloproteins, essential for oxidative metabolism, myelination and the metabolism of several steroid hormones. Clinical copper deficiency is a recognised hazard among preterm infants. Various investigators have studied micronutrients in newborn babies and within the first year of life because of their importance in growth and development [6] Albumin is the carrier protein for the micronutrients, hence, its level influences micronutrient levels to an extent that micronutrient levels cannot be interpreted correctly without concomitant serum albumin levels.
The relationship between the mother and the neonate in terms of the sharing of nutrients in this environment is still not totally understood nor well studied.
Even though several studies have been done on maternal and infant levels of micronutrients [13] [14] [15] , most of these studies were not done on paired maternal and fetal sera most studies done in this environment on micronutrients in mothers were not paired with their newborns, neither were the studies in the neonates paired with their mothers. Thus the relationship between the mother and their newborn in this environment is not established, hence the need for this study to see the relationship between the two individuals.
Methods
This is a prospective cross sectional study carried out over a one year period (July 2015 to June 2016) where mothers with term pregnancy at the onset of labor and their respective newborn babies that were delivered in the labour room Informed consent was obtained from both the father and the mother of the newborns during the antenatal period/before delivery.
The subjects were consecutive women presenting in labor and had completed labor at participation, at the labor ward of the hospital as well as their newborns when successfully delivered.
All consecutive admissions into the labor ward that fulfilled the inclusion criteria were enrolled into the study until the calculated minimum sample size of 120 mother and newborn pair is achieved. All the women recruited were assessed to be in good health and had experienced no medical complications during pregnancy.
Mothers who received steroids (known to influence the level of many nutrients), micronutrient supplementation (except routine drugs), chronic diseases, and babies born with major congenital abnormalities were excluded from the study.
Five milliliters of blood was drawn under aseptic condition from the mother and five millilitres of cord blood was obtained for assay. The serum was separated immediately and sent to the laboratory and stored at −80˚C until assayed.
Serum zinc was assayed with Randox kit (Cat. No. ZN 2341; Randox Labs
Ltd., Crumlin, UK) according to the instructions of the manufacturer [16] .
Serum copper was measured spectrophotometrically with RANDOX kit (Cat.
No. ZN 2341; Randox Labs Ltd., Crumlin, UK) according to instructions introduced by manufacturer [17] .
Serum total protein and albumin were analyzed using the biuret [18] and bromocresol green methods [19] , respectively. Albumin was assayed using kits from Agappe Diagnostics, Kerala, India.
Data analysis-SPSS statistical software package version 16 was used for data analysis. The variables were analysed using a non-parametric test method, the two-sample Wilcoxon rank-sum Mann-Whitney test. Continuous variables were compared using paired student t-test. Pearson's correlation coefficient was also used to correlate categorical variables and p value was set at less than 0.05.
Result
One hundred and thirty five mother/newborn pair completed the assessment process and were analysed. Place of Ante Natal Care showing that newborns have a higher serum zinc levels that their paired mothers at a ratio of 1.6 to 1. Figure 2 showing that serum copper levels were higher in the mothers than their paired newborns at a ratio of 1.5 to 1 (Table 3) .
There is a positive correlation between maternal serum copper and cord blood copper levels in this study as a high value in mothers reflect in the newborn levels.
The serum total protein and albumin levels were significantly higher in the mothers than in the newborns (p = 0.001), however albumin levels are comparable at a ratio of 1.07 to 1 in the mother and newborn. Table 4 shows that there is a positive correlation between the mothers and their newborns for total protein and albumin levels (p = 0.001), but no significant correlation for zinc and copper (p = 0.27).
Discussion
This study shows a significantly higher zinc levels in paired term newborns than their mothers in this environment, a finding that establishes the relationship between the mother and their paired newborns in this locality. This finding is similar to that of Rupal et al. in India [20] , and other workers [21] [22], who reported a higher serum zinc in the cord blood than in the serum of the mothers in a ratio ranging from 1.8 to 1 and 1.3 to 1. The ratio in the current study is 1.6 to 1, newborn to mother. Zinc is an important micronutrient essential for normal growth and development of the foetus and it plays a critical role in many cellular The albumin levels are within normal limits in both the mothers and their paired newborns, hence, the distribution of zinc in the two groups is a true ref-
lection of the zinc status of the subjects. This finding suggests that zinc is distributed in favour of the newborn. Zinc is transported across the placenta during the last trimester of pregnancy at the rate of 3.82 micromol/L/kg/day [23] . Zinc protects the cell membrane against oxidative and immunologic damage, and is important in protein metabolism and synthesis [24] . Zinc is also important in immune cellular response in man as it decreases natural killer cell activity [25] A. Serum copper levels were significantly higher in the mothers two-folds than in their paired newborn in this study. This finding is in consonance with the report from previous studies in Europe and Asia, where the serum copper levels in the mothers were significantly higher than the levels in the newborns up to four folds in some of the studies [27] [28] [29] . Also there is a positive correlation between maternal serum copper and cord blood copper levels in this study, a finding that is similar to the findings in some other reports [29] .
Copper is required for fighting infection and are therefore increased in serum in response to infection. The sharp gradient from the mother to the baby is probably as a result of placental activity which protects the newborn from high serum copper levels. The higher copper levels in the mother might also be as a result of the high molecular weight, and the transport protein in the blood stream which makes it more difficult to transport across the placenta [30] .
Clinical copper deficiency is a recognised hazard among preterm infants [6] , but the term infants in this study did not show a deficiency of copper, rather a steep gradient of serum copper levels from mother to the newborn.
The mothers and their newborns have a mean albumin levels that is within the normal range which is a reflection of the nutritional state of the mothers and the term babies.
Conclusions
We conclude that there is an established relationship between newborns and their paired mothers in terms of the serum levels of some trace elements at birth.
Term babies have a higher serum zinc levels, and a lower serum copper levels than their paired mothers. Newborn zinc levels are 1.5 times that of their mothers whilst serum copper levels are lower two folds than in their mothers, with the placental playing a role in preventing high copper levels in the newborn.
The high copper level in the mothers is probably a reflection of infections in the mother, whilst the baby is protected by the higher zinc levels.
Limitation of the Study
This study is limited in its scope, as a larger number of paired mother and newborns, and more micronutrients such as selenium could have been studied but due to lack of fund and some logistics (the study is non-grant funded).
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